W. 6. SOJKA, C. WRA Y AND J. A . MORRIS (i) the mucoid form (09:K30(A), K99:NM) , and (ii) a non-mucoid variant (09: K99:NM) that lacks the K30 antigen. Both strains produced a heat-stable enterotoxin when tested by the infant mouse test (Giannella, 1976) .
Cultures of E. coli strains were maintained on Dorset egg slopes. Preparation of challenge doses. The strains were plated on 5% sheep-blood agar; after overnight incubation at 37°C a portion of an isolated colony was tested by slide agglutination with drops of OK B44 (09:K30,K99) antiserum and absorbed K99 antiserum. The mucoid form of strain B44 was agglutinated only with OK B44 antiserum and gave a strong " doughy " type of K reaction; the non-mucoid variant reacted with both antisera and gave a finer agglutination. Each challenge strain was seeded in a Roux flask of sheep blood agar and after overnight incubationat 37"Cthe growthwas harvested in lOml of sterile physiological saline (0.85% NaCI); 7 ml of the suspension was added to 43 ml of warm cows' milk in a bottle and fed to lambs within 5-10 min. The number of organisms present in the challenge dose was estimated by the Miles, Misra and Irwin (1938) method. The challenge dose of the mucoid form varied from 7 x 10lo-2.2 x loll organisms, and that of the non-mucoid variant from 7 . 4~ 10lo-1.8 x loll organisms.
Preparation of antisera. OK B44 and OK B117 antisera were prepared in rabbits by the method of Sojka (1965) . Absorbed K99 antiserum was prepared by absorbing OK B117 (08 :K85a, b, K99) antiserum with live suspensions of E. coli strains E68 I1 (0141 :K85a, b) and G7 (08:K87,K88aY b). Pregnant ewes. Fifteen Dorset Horn ewes at various stages of pregnancy were housed separately and examined daily. After lambing the dam and its offspring were kept together to ensure the uptake of colostrum by the lambs. The ewes were divided into two groups. Group 1 consisted of 11 ewes vaccinated by the intramammary route with 2 ml of the first vaccine; 23 days later, 2 ml of the second vaccine was administered subcutaneously. The time of vaccination varied from 33 to 64 days before lambing and no adverse reactions were observed. Group 2 consisted of 4 ewes given intramammary injections of 2 ml of saline in Freund's incomplete adjuvant; 23 days later 2 ml of saline were injected subcutaneously.
Lambs. Twenty-eight lambs that had been suckled by their dams (the ewes from groups 1 and 2) shortly after birth were examined clinically, and a serum sample and faecal swab were taken. They were then dosed orally with E. coli B44 within 4-21 h of birth; half of them were given the mucoid strain and the other half were given the non-mucoid variant. For 3 days after challenge the lambs were examined six times a day and thereafter twice daily. Rectal swabs were taken daily until the termination of the experiments; this varied from 1-22 days after challenge.
Rectal swabs from lambs were plated directly on to MacConkey agar. After overnight incubation at 37°C colonies of E. coli were tested by the slide agglutination method with OK B44 and absorbed K99 antisera for the presence of the challenge organism. The number of colonies tested varied from 1-10 depending on the number of colonies resembling the challenge strain present on the culture plate.
Necropsy specimen. At chosen times (1-17 days after challenge) 14 lambs were killed by intravenous injection of phenobarbitone. Total E. coli counts on the contents from the anterior, middle and posterior small intestine and the colon were made on MacConkey agar by the Smith and Crabb (1961) modification of the technique of Miles et al. (1938) . Cultures from the liver were also made on 5% sheep blood agar. Colonies from the MacConkey agar cultures of intestinal contents were examined for the presence of the challenge organisms by slide agglutination tests with OK B44 and absorbed K99 antisera.
Assay of antibodies to the K99 antigen. Samples of colostrum and sera from the ewes and the lambs were assayed for antibodies to K99 antigen by an indirect haemagglutination (IHA) test (Wray, Morris and Sojka, 1975) , with cell-free K99 antigen adsorbed on to tanned sheep RBC. Microtitre trays were incubated at 37°C and examined after 2 h.
Colostral samples of approximately 20 ml were collected from individual glands shortly after lambing; the whey was separated (Logan and Penhale, 1971 ) and stored at -20°C. The blood samples were collected from pregnant ewes before the first vaccination and from lambs just before challenge; the serum was stored at -20°C.
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RESULTS
Pre-challenge assessment Assay of antibodies to K99 antigen. The antibody titres to K99 antigen in the colostrum of the group 1 (vaccinated) dams were 512-8192 and the titres in the serum of their lambs were 128-1024; this indicates that all the lambs were suckled by their dams and had absorbed antibodies before being challenged. K99 antibodies were not detected in dams before vaccination.
Antibodies to K99 antigen were not detected either in colostrum from group 2 (control) dams or in undiluted serum from their lambs.
Bacteriological examination of faeces. Neither form of the challenge strain B44 was detected in the faeces of lambs before oral administration of the challenge dose. Results obtained with lambs challenged with the mucoid form of strain B44 Lambs from group I (vaccinated) ewes. The challenge strain was excreted in the faeces for 3-9 days but was detected in large numbers ( > l o colonies per culture plate) for only 1 day after challenge. One of the 10 lambs had loose faeces that persisted for 1 day after challenge (table). In the three lambs that were killed, 102-104 organisms of the challenge strain were detected per gram of small intestinal contents and no lesions were observed. All lambs were healthy at the termination of the experiment 7-19 days after challenge.
Lambs from group 2 (control) ewes. All four lambs born to the nonvaccinated ewes and suckled by them developed severe watery diarrhoea within 6 h of challenge (table). One day after challenge two lambs were unable to stand, became comatose and were killed in extremis; at necropsy large numbers (lo9 organisms per g) of the challenge organism were found in the contents of the small intestine and colon. The other two lambs became dehydrated, weak and unable to stand; one of them died 5 days after the challenge; at necropsy ) from the contents of the posterior small intestine. At necropsy, the three dead lambs showed signs of dehydration; clotted milk was found in the abomasum and there was hyperaemia and reddening of the mucosa of the small intestine ; the posterior small intestine and large intestine were distended with fluid and the associated lymph nodes were oedematous and swollen. The other lamb recovered on the 5th day after challenge and excreted the challenge organism for 8 days.
Results obtained with lambs challenged with the non-mucoid variant of strain B44 Lambs from group 1 (vaccinated) ewes. None of the 10 lambs showed signs of intestinal disturbance after challenge (table). One lamb developed rapid, shallow breathing immediately after challenge and was recumbent, but it recovered the following day. All lambs excreted the challenge organism, for 1-5 days after challenge; the number of detectable colonies of the challenge organism varied from 1-10 per culture plate. The challenge organism, however, was not detected in the intestinal contents of five of the six animals killed 2-17 days after challenge; 105 organisms per g of small intestinal contents were found in one lamb killed on the 2nd day after challenge.
Lambs from group 2 (control) ewes. Two of the four lambs born to unvaccinated dams had loose faeces for 1 day after the oral challenge (table). They were killed 2 days after challenge and 1.3 x 10s-l x log challenge organisms per gram of small intestinal contents were found. The other two lambs were healthy; one of them was killed 1 day after challenge and 105 challenge organism per g of small intestinal contents were present. The other lamb remained healthy until the experiment was terminated 20 days after challenge. The challenge organism could not be detected in the faeces beyond 24 h after the challenge dose. DISCUSSION Most outbreaks of neonatal enteric colibacillosis caused by the " calflamb " EPEC strains occur during the 1st week of life in lambs (Sojka, 1971) and within 48 h of birth in calves (Gay, McKay and Barnum, 1964) . The infective organism is confined to the intestinal tract and, therefore, it is likely that the presence of a specific antibody in the intestinal lumen will protect the neonate from this form of the disease. Newborn calves and lambs are devoid of local antibody, but are capable of developing it soon after birth; thus colostral antibody may furnish passive protection to the gastro-intestinal tract until the local antibody system becomes established. (1973) showed that immunisation of the dam stimulated the production of protective factors that were transferred to the neonate in the colostrum; calves born to dams immunised with E. coli vaccine were protected against experimental enteric colibacillosis. The present investigation showed that vaccination of pregnant ewes with cell-free K99 antigen protected the offspring from experimental colibacillosis when they were challenged with EPEC strain B44 (table). Moreover, the challenge organisms were detected in only small numbers in the faeces of lambs from vaccinated dams, and for only a short time after challenge. Small numbers of challenge organisms were detected in the small intestinal contents of killed lambs from the group 1 (vaccinated) ewes; in only one animal was the number of challenge organisms as high as 106 per g of contents. This finding differs from that of Myers et al. (1973) who found that the protective factor in colostrum from vaccinated cows did not eliminate the challenge organism from the lower intestinal tract of their calves. Smith (1971) found < 105 E. coZi per g of contents in the upper small intestine of healthy calves. Counts of <lo7 E. coli per g of small intestinal contents were considered to be the normal range by Morin, Laridre and Lallier (1976) . Acres et al. (1975) reported that a very large number of E. coli (2x1010 organisms per g) was present in the small intestinal contents of unvaccinated lambs that developed diarrhoea after oral challenge with E. coli B44. Similarly, during the present investigation, large numbers (c. lo9 organisms per g) of the challenge organism were detected at necropsy in the small intestinal contents of lambs that were born to unvaccinated ewes and developed severe diarrhoea after challenge with the mucoid form of strain B44. Isaacson, Nagy and Moon (1977) reported that both the capsule and the pili of some porcine EPEC strains were involved in colonisation of the pig intestine. Thus the non-capsulate but pilate mutant of one of the porcine EPEC strains failed to colonise pigs' small intestines. The results of the present investigation suggest that the mucoid-polysaccharide K antigen may contribute to the virulence of the " calf-lamb " EPEC strain. None of the four control lambs challenged with the non-mucoid variant of strain B44 developed severe diarrhoea and it is probable that this variant (09:K99:NM) may be less pathogenic than the mucoid form of strain B44 (09:K30,K99:NM). Both forms of the challenge strain B44 produced heat-stable enterotoxin and both possessed the K99 antigen, the only difference between the two being the absence of the capsular polysaccharide K30(A) antigen from the non-mucoid variant. The precise role that the capsule plays in colonisation is uncertain. However, vaccination of dams with partially purified cell-free K99-antigen preparation afforded passive protection, via colostrum, to lambs against enteric colibacillosis when they were challenged orally with the mucoid form of B44 that produced severe diarrhoea in control lambs. Because the K99 vaccine was prepared from the heterologous E. coli strain B41(0101 :K99 :NM), it is probable that antibody against K99 antigen alone was the protective factor. This illustrates the importance of the antigen in the enteropathogenicity tof the " calf-lamb " EPEC strains.
SUMMARY
Pregnant ewes were vaccinated with partially purified, cell-free K99 antigen ,isolated from an enteropathogenic strain of Escherichia coli, strain B41 (0101 :K99 :NM), to induce passive immunity via the colostrum in their off-spring against an oral challenge with heterologous " calf-lamb " enteropathogenic strains of E. coli B44. After sucking their dams, lambs were dosed orally with 7 x lolo-2-2 x loll organisms within 4-21 h of birth. One group of 10 lambs was dosed with cultures of the mucoid (09:K30(A),K99:NM) form of strain B44 and another group of 10 lambs with the non-mucoid (09 :K99 :NM) form; two groups of four control lambs from unvaccinated dams were similarly challenged. All four control lambs challenged with mucoid B44, but none of 10 lambs from vaccinated dams, developed severe, watery diarrhoea. In the group of lambs challenged with the non-mucoid form of strain B44, loose faeces were detected in only two of the four control lambs and in none of the lambs from vaccinated dams. This suggests that the polysaccharide K antigen may contribute to the virulence of " calf-lamb " enteropathogenic strains that possess the K99 antigen. However, lambs passively immunised with colostrum from dams vaccinated with K99 antigen alone were protected against the production of enteric colibacillosis by oral challenge with EPEC strain B44.
